Background: Nanoscience is the section of science related to the study of minute particles on an atomic or molecular scale, whose size is measured in nanometres. Nanotechnology serves as one of the most capable technologies and accomplished approaches of the 21 st century which is safe and efficacious for novel drug delivery systems. Now, nanotechnology is used widely in the field of cosmetics and dermatology due to the improved properties of the atoms at the nano level.
INTRODUCTION
Nanotechnology is an approach of separating, consolidating and mutilating materials in the size range of 1-100 nanometres (1 nm = 10 -9 m). The nanoparticles used in formulations have much larger area surface/mass unit ratio than the materials with larger size leading to increased activity. This makes nanomaterials being more utilized in *Address correspondence to this author at the Chitkara College of Pharmacy, Chitkara University, Chandigarh-Patiala National Highway, Rajpura-140401, Patiala, Punjab, India; Tel: +91-7837910949; E-mail: singh.sukhbir12@gmail.com cosmetic products and pharmaceutical formulation. The United States, Europe, Japan, Russia, China, India and Brazil have made major investments in the field of nanotechnology. Since last 10 years, nanotechnology has been utilized in various areas of science including physics, chemistry, and biology. Some of the most important applications of nanotechnology include packaging, cosmetic products, production of vaccines and antimicrobials, diagnosis and treatment of cancer (targeted drug delivery), nano-electronics, and in the development of analytical equipments [1, 2] . Nanoscale approaches are generally used because of advantageous properties of the nanoparticles in industrial, medical, dermatology and cosmeceuticals fields. Nanotechnology includes liposomes, solid lipid nanoparticles, nanostructured lipid carriers, dendrimers, niosomes, fullerenes, quantum dots, nanocapsule, nano-gold, nano-silver, carbon nano-tubes, micro-emulsions and nano-emulsions which tend to disintegrate into its molecular components upon application to skin. Nanodermatology is the use of nanotechnology in prevention, diagnosis and treatment of various skin disorders and in the field of cosmetology. Some of the most significant applications of nanotechnology in cosmetics and dermatology include sunscreens, moisturizers, anti-aging formulations, phototherapy, anti-sepsis, anti-oxidants, hair and nail care, antimicrobials and skin fillers [3, 4] .
ADVANTAGES OF NANO-MATERIALS IN COSMETICS INDUSTRY
In today's century, considering the current improvement in nanotechnology, engineered nanomaterials have been valued by the cosmetics industry for several reasons either as active ingredients, carriers or as excipients [5] . The major objectives of utilizing nanomaterials for the formulation of cosmetic products include increased efficiency of the products; superior penetration to deeper skin layers (due to their minute size and precise optical properties); reduced amounts of the constituents utilised; reduced toxicity (some nano-materials have antioxidant property); or improved stability of the active ingredients [6, 7] .
NANOTECHNOLOGY DRUG DELIVERY SYSTEMS IN COSMETICS AND DERMA-TOLOGY
The various types of nanotechnology drug delivery systems used in cosmetics and dermatology are presented in Fig. (1) .
Liposomes are globular, closed-colloidal vesicles comprising a lipid bilayer that usually contains phosphatidylcholine-enriched phospholipids that surround the central aqueous space [8] . One of the major ingredients of liposome is phosphatidylcholine which has been employed in numerous skin and hair care products owing to its emollient and conditioning properties. Nano-liposomes are employed in cosmeceuticals such as anti-ageing, sun-block; hair creams as well as skin moisturizer, which contain synthetic as well as phytoactive compounds [9] [10] [11] . Solid lipid nanoparticles are oily droplets of lipids stabilized by surfactants and are solid at body temperature. They are widely used for the delivery of both lipophilic as well as hydrophilic substances. Nano-structured lipid carrier particles are prepared by fusion of solid lipids with oils and have increased loading capacity of active ingredients [12] . Nano-crystals are crystalline aggregates specially formulated for the delivery of poorly soluble active ingredients and possess a crystalline cluster of thousands of atoms of size 10 to 400 nm [13] . Cubosomes are discrete, nanostructured particles of bicontinuous cubic liquid crystalline phase packed in a cube-like fashion Nano-gold and Nano-silver and are used as oil-in-water emulsion stabilizers and absorbents for pollutants in cosmetics. Virosomes consist of viral hybrid liposomes and proteins which are used in vaccines against certain viruses. Microsponges consist of microporous beads designed for the controlled release of topical actives [14, 15] . Dendrimers are extremely minute, organic chemical entities with semi polymeric tree-like structure having dimensions in the range of 2-10 nm. In a patent on cosmetic formulation comprising carbo-siloxane dendrimer, produced decent water resistance, better shininess, perceptible sensation, and better adhesive properties for skin and hair care [16] . Niosomes are smaller, unilamellar nanostructures in size range of 10-100 nm, comprising a central aqueous cavity which is surrounded by layers of non-ionic surfactant in lamellar phase. Niosomes are acceptably employed to deliver antioxidants such as ascorbic acid, resveratrol, and ellagic acid through skin [17] [18] [19] . A slightly larger niosome in the size range of 471-565 nm comprising phyto-derived antioxidants such as resveratrol, alpha-tocopherol, and curcumin showed increased antioxidant activity to the skin with enhanced skin permeation activity for cosmeceuticals applications [20] . Fullerenes are spherical molecules of carbon atoms measuring about 1 nm in diameter. Recently, some researchers developed a fullerene nanocapsule with ascorbic acid and vitamin E which showed enhanced skin protective activity against premature aging by its antioxidant activities [21, 22] . A nanocapsule is a nano-scale shell vesicular system made from a non-toxic polymeric membrane which encapsulates an inner liquid core at the nanoscale. The nanocapsules based cosmetic product for potential dermatological use was introduced by the French company L'Oreal in 1995 in order to improve the impact of their cosmetics [23] . Silver and gold nanoparticles have been reported for their strong antibacterial and anti-fungal properties. They have been extensively used in cosmeceuticals products in the preparation of deodorants, face packs and anti-aging creams. Silver nanoparticles are now employed in toothpastes, soaps, face creams, food packaging, clothing, household appliances, disinfectants and wound dressings [24] . Carbon nanotubes are novel technology recently used in cosmeceuticals sectors particularly for the skin care. Similar to fullerene, carbon nano-tubes alone act as an antioxidant [25] .
Nanotechnology

APPLICATIONS OF NANOMATERIALS IN COSMETICS AND DERMATOLOGY
Nano Sunscreens
Nanoparticles are very beneficial for Ultraviolet (UV) protection due to their small size. UV filters (titanium dioxide and zinc oxides) have been used in micro/nano form to make sunscreen transparent rather than white. These physical sunscreens block UV radiations of type A and B. However, there are some drawbacks with these formulations like demanding a greasy vehicle for dissolution, give up chalky white residues on the skin, and their consistency appears to be thick and dense [26] . At nanoscale, their composition changes making them appear invisible and thus cosmetically more satisfactory. Nanoparticles of compounds like titanium dioxide and zinc oxide have potential to reflect, absorb or disperse UV-radiation. Recently, safranal-loaded solid lipid nanoparticles loaded solid-lipid nanoparticles were produced which had increased sun screening activity in size range of 103-230 nm [27] . In another investigation, a pomegranate seed oil nano-emulsion was developed which showed enhanced skin protection against photodamage as well as enhanced antioxidant activities. The earlier research suggests that the introduction of novel nano-sized phytocompounds will enhance sunscreen products with fewer toxic effects [28] . Sunscreen was developed using solid lipid nanoparticles formulated with synergetic effect to improve the sun protection [29] .
Nanotechnology in Barrier Creams
The barrier property of stratum corneum might be inadequate in saving skin from certain irritants such as chemotherapeutics, allergens or dermatitis. Nanoparticulate barrier creams are more potent in protecting the skin from water loss and thus diminishing the promising risk of irritant hand eczema than moisturizers with high lipid content [30, 31] .
Nanocosmetics as Anti-acne Products
Neem oil loaded solid lipid nanoparticles showed the sustained effect and produced antibacterial action on acne microbes [32] . Nano Cyclic Inc. produces Nano Cyclic cleanser pink soap which is a scientifically balanced blend of nanosilver and natural ingredients and claims that it kills harmful bacteria and fungi, fights acne, and diminishes age spots and sun damaged skin [33] .
Nano Moisturizers
Moisturizers comprise a vital therapeutic component in the management of various skin conditions such as eczema, psoriasis, pruritus, and aged skin. Diseased skin contains decreased levels of ceramide and altered ceramide profiles. One of the significant drawbacks of traditional emollients is their inefficiency to adequately deliver active constituents. In contrast, nano-emulsions are innovative colloidal drug carrier systems which can sufficiently restore the ceramides of a diseased skin especially in atopic dermatitis [34] . The Opuntia ficus-indica extract nano-emulsions showed enhanced moisturizing effects [35] . The moisturizing potential of ascorbyl palmitate was enhanced when loaded in solid lipid nanoparticles and nanostructured lipid carriers as compared to conventional topical formulations. Moreover, sustained release with enhanced skin penetration was achieved [36] . Liposomes of N-acetyl glucosamine and glucosamine were developed with improved localization of active ingredient in the skin and preserved hydration and elasticity of the skin [37] . Solid lipid nanoparticles showed better sunscreen protection with enhanced moisturizing effect [38] .
Nanotechnology in Anti-aging Formulations
Aging is the main factor that causes skin collagen to lose its physical appearance in various ways such as oil decreased production, dry skin, texture loss, age spots and loose skin. Aging produces skin thinning and the end result is the formation of wrinkle. Biocompatible nano-lipoidal carriers of isotretinoin showed enhanced photo-aging, improved skin biocompatibility and anti-aging potential [39] . Solid lipid nanoparticles of soy isoflavones showed better penetration through stratum cornea and efficient deposition of soy isoflavones in dermal matrix [40] .
Nano-antioxidants
Antioxidants are substances that provide protection to cell membranes and block oxidative stress to the tissues of the body by neutralizing toxic oxygen molecules and free radicals. Antioxidants are used in the cosmetic industry for impairment of the wrinkles and to impair skin aging which is caused due to UV light. Different nanocarriers have been proposed with the objective to increase the stability and the delivery of antioxidants into the skin in order to obtain their highest activity. Nanocarriers offer several advantages over conventional passive delivery, such as increased surface area, higher solubility, improved stability, controlled release, reduced skin irritancy, and protection from degradation [41] . Topical nano-emulsions were developed with enhanced skin retention and antioxidant activity of Achyrocline satureioides extract or quercetin using octyldodecanol, egg lecithin and water [42] . Resveratrol-loaded solid lipid nanoparticles and nanostructured lipid carriers were prepared with deeper penetration into the skin and enhanced antioxidant potential for dermal applications [43] . Neutral and cationic solid-lipid nanoparticles loaded with idebenone protected idebenone from degradation leading to improved antioxidant potential [44] .
Nanomaterials in Antiseptics
Nano-materials have been introduced in the area of antiseptics and several substances have been used as antiseptics in nano-formulations including Chlorhexidine gluconate, naked TiO 2 , silver, etc. Substances such as chlorhexidine gluconate and silver have been incorporated into nano-formulations with enhanced antiseptic activity. Chlorhexidine-loaded polymeric nanocapsule with superior antimicrobial activity was developed by interfacial deposition method [45] . Solid lipid nanoparticles of silver showed better antiseptic activity [46] .
Nanocosmetics for Hair Disorders
Nanotechnology drug delivery systems are gaining attention in the treatment of hair disorders like alopecia and rogenetica and alopecia areata by employing nano-emulsion to encapsulate active ingredients which carried active ingredient deeper into hair follicle openings and could act as a depot for prolonged drug release within the hair follicle [47] . Anti-dandruff shampoo prepared using solid lipid nanoparticles of garlic as an antifungal agent was more effective for treatment of dandruff on [82] scalp and hair with no side effect [48] . The silicone oil-in-water nano-emulsions showed improved silicone oil deposition on the hair surface and beneficial in the moisture preservation and lubrication of hair [49] . Poly (D,L-lactide) solid lipid nanoparticles improved transport and release of lipophilic and hydrophilic compounds for a prolonged drug release within the hair follicle [50] .
Nano-nail Cosmetics
Nano nail-care is a propitious novel cosmetic and healthcare sector. Nanotechnology-based nail cosmeceuticals have various advantages over conventional products. A novel strategy will be the embodiment of nanoparticles (silver and metal oxide) with antifungal activity in nail polish having cosmetic as well as therapeutic purpose in the treatment of onychomycosis [51] . Nano Labs Corp. was awarded a provisional patent for its original nano nail polish and lacquer having advantages that it dries to a very hard state, resists shock, cracking, scratching, and chipping and its elasticity offers superior ease of application without cracking [52] . A study revealed that nail-paints having nanosized particles improve toughness, mar resistance, and impact resistance of the mammalian nails [53] . One of the new strategies which may have great potential in the cosmeceuticals is the incorporation of nanoparticles having antifungal activity in nail polish to treat fungal infections in the nails [51] . Terbinafine hydrochloride loaded liposomes showed better antifungal activity on fungal nails [54] .
Nanocosmetics For Lip Care
Nano lip cosmetics are another expanding nano-sector. Korean research institute has developed a patent in which they claim to prepare various colored pigments using silver and gold nanoparticles by mixing them in various ratios. The color of this formulation can be preserved for a relatively longer period of time [55] . Nanoencapsulation of plant betalains increases its storage stability and efficacy in lip care products [56] . Lipsticks containing rice bran oil liposomes showed better stability and antioxidant properties [57] .
Nano-skin Cleanser
Skin cleanser plays an active role in retaining skin health. Skin cleaning directly stimulates the removal of skin surface bacteria, which decreases odour production. Nano-sized liposomes of lauric acid showed increased antimicrobial activity against acne [58] . Niosomes of lauric acid and curcumin illustrated superior antimicrobial effect against skin infections [59] .
Targeting Inflammatory Skin Disorders
Topical steroids form one of the leading treatment options for a variety of inflammatory skin disorders but regular and long-term use of topical steroids is associated with several unwanted adverse effects including skin atrophy, telangiectasia, striae, etc. Liposomal formulations employing topical steroids minimize some of their side effects like cutaneous atrophy [60] . Solid lipid nanoparticles encapsulating podophyllotoxin has been introduced in the treatment of genital warts [61] .
OVERVIEW OF PATENTS ON COSMECEUTICAL PRODUCTS BASED ON NANOTECHNOLOGY
An overview of various patents published for nanotechnology-based cosmeceutical products recently has been tabulated in Table 1. 
SAFETY, QUALITY AND REGULATORY ASPECTS OF NANO-COSMECEUTICALS
Nanotechnology relates to distinctive properties of a material on a nano-scale leading to greater risk for major instability at atomic and molecular levels resulting in increased risk of damage at cellular level [4] . Subsequently, the manufacturing and application of nano-materials are growing extensively resulting in increased personnel producing and users consuming these nanomaterials. Human beings can be exposed through various ways including breathing, ingestion, and penetration across the skin [83] . Studies on animals showed harmful effects of some nanomaterials including titanium dioxide, silver and cobalt-chromium nanoparticles by absorption through skin barrier [84, 85] . In recent years, the safety and quality of nano-cosmeceuticals remained a topic of debate due to the fact that the It is mandatory to provide safety data of 6 months in advance of getting approval for any new nano-cosmetic. It is necessary to state word "nano" on the label if any nanocosmeceutical is used for formulation of cosmetic.
Australia
National Industrial Chemicals Notification and Assessment Scheme (NICNAS)
NICNAS guidelines implemented in Jan, 2011 and the main objective of these guidelines is the identification of nano-materials (either nanomaterial of an existing compound or a novel compound).
Nano-materials of novel compounds require approval followed by evaluation performed by NICNAS and self-analysis carried out by producers are not acceptable.
However, nanomaterials of existing chemicals do not require any permission/assessment by NICNAS. Presently discussions are going on to whether issues related with nano-material to be included in the above-mentioned rules or to form new rules. India is considering EU and US FDA guidelines and is considerably involved with various associations including International Standards Organisation, Organisation for Economic Cooperation and Development, for the development of guidelines for safe use of nanomaterials [100] [101] [102] .
Globally, EU, United States, Japan and Canada are actively involved in the International Cooperation on Cosmetic Regulation (ICCR) for the prevention of regulatory issues on the use of nanomaterials in cosmetics. ICCR issued a report on "Criteria and Methods of Detection" for nanomaterials in cosmetics in 2010 [7] . The major aspects regarding safety, quality and regulation of nano-cosmeceuticals used in cosmetics for different parts of the world are represented in Table 2 .
CONCLUSION
This review outlines that nanotechnology is considered to be a new industrial reformation and also proved to be valuable in many dermatological and cosmetic preparations. In dermatology and cosmetics, it bestows therapeutic, diagnostic as well as preventive applications. Nanotechnology is one of the main technologies of the twenty-first century with desirable opportunities for both the scientists and pharmaceutical industry. Nonetheless, recent research is focused on biodegradable nanomaterials, which are thought to constrain toxicological and environmental concerns and enhance safety. It is also significant to understand from recent facts that nanomaterials used presently in cosmetic preparations or sunscreens are reliable to human skin or health. In the interest of all manufacturers, regulatory authorities and consumers, there is a mandatory requirement for an international harmonization for the safety of these products and their evaluation.
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